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Fig. 5
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1
BACKLIGHT UNIT AND DISPLAY DEVICE
INCLUDING THE SAME

This application claims priority to Korean Patent Applica-
tion No. 10-2012-0118025, filed on Oct. 23, 2012, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tent of which in its entirety is herein incorporated by refer-
ence.

BACKGROUND

1. Field

Exemplary embodiments of the invention relate to a back-
light unit and a display device including the backlight unit.

2. Description of the Related Art

A conventional display device displays a two dimensional
flat image. As a demand for three-dimensional (“3D”) image
increases in various fields such as a movie, a medical image,
a game, an advertisement, an education, military, etc., a 3D
image display device has been developed.

A three-dimensional display device displays a 3D image
using a principle of binocular parallax through the eyes of a
viewer. For example, since the eyes of the viewer are spaced
a predetermined distance apart from each other, images
observed by each eye from different angles are input to the
brain of the viewer. A 3D image device allows the viewer to
perceive a 3D effect and to sense a depth through the process
described above.

A 3D display device may be classified into a stereoscopic
type 3D display device and an auto-stereoscopic type 3D
display device according to whether a viewer wears on spe-
cial glasses or not to perceive the 3D effect. The steroscopic
type 3D display device typically uses a polarizing method and
a shutter glass method, and the auto-steroscopic type 3D
display device typically uses a parallax barrier method and a
lenticular method.

In the shutter method, when a left-eye image and a right-
eye image are displayed on a display panel by a frame unit, a
3D image is realized by alternately opening and closing a left
shutter and a right shutter of the shutter glasses in synchro-
nization with the frame unit. In a 3D image display device
including a liquid crystal display device, when a right-eye
image is displayed during a right eye section after a left-eye
image is displayed during a left eye section, the left-eye image
may affect the right-eye image due to a slow response speed
of the liquid crystal such that an image quality may be dete-
riorated. The deterioration of image quality may be effec-
tively prevented by periodically turning a backlight unit of the
liquid crystal display device on and off. That is, after turning
a backlight unit off after a left-eye image is displayed on a
display panel, the backlight unit is turned on again when a
right-eye image is displayed in the display panel.

SUMMARY

An exemplary embodiment of the invention provides a
backlight unit which includes: a power supply converter
including a primary winding connected to an input power
supply voltage, and a secondary winding which is connected
to an output node and outputs a light emitting diode drive
voltage to the output node in response to a mode signal and a
switching control signal; and a light emitting diode string
connected to the output node of the power supply converter,
where the power supply converter serially connects a boost-
ing winding to the secondary winding and the output node and
when the mode signal represents a three dimensional image
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display mode, and outputs a boosted light emitting diode
drive voltage to the output node through the boosting wind-
ing.

Another exemplary embodiment of the invention provides
a display device which includes a display panel including a
plurality of pixels; a drive circuit which controls the display
panel to display an image on the display panel; and a back-
light unit which supplies light to the display panel, where the
backlight unit includes: a power supply converter which out-
puts a light emitting diode drive voltage to an output node in
response to a mode signal and a switching control signal,
where the power supply converter includes a primary winding
connected to an input power supply voltage, and a second
winding connected to the primary winding and the output
node; a light emitting diode string connected to the output
node of the power supply converter, where the power supply
converter serially connects a boosting winding to the second-
ary winding when the mode signal represents a three-dimen-
sional image display mode, and outputs a boosted light emit-
ting diode drive voltage to the output node through the
boosting winding.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the invention will become
readily apparent by describing in detailed exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

FIG. 1 is a block diagram illustrating an exemplary
embodiment of a display device according to the invention;

FIG. 2 is a signal timing diagram illustrating a relation
between an image displayed on the display device illustrated
in FIG. 1, and a backlight control signal, a left eye shutter
control signal and a right eye shutter control signal;

FIG. 3 is a drawing illustrating a change of current in a
backlight unit according to an operation mode of the display
device illustrated in FIG. 1;

FIG. 4 is a drawing illustrating a change of light emitting
diode (“LED”) drive voltage of a backlight unit according to
an operation mode of the display device illustrated in FIG. 1;

FIG. 5 is a block diagram illustrating an exemplary
embodiment of a backlight unit illustrated in FIG. 1;

FIG. 6 is a circuit diagram illustrating an exemplary
embodiment ofa power supply converter illustrated in FIG. 5;
and

FIG. 7 is a drawing illustrating a change of voltage level of
LED drive voltage according to a mode signal.

DETAILED DESCRIPTION

The invention will be described more fully hereinafter with
reference to the accompanying drawings, in which various
embodiments are shown. This invention may, however, be
embodied in many different forms, and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. Like reference numerals
refer to like elements throughout.

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
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like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, com-
ponents, regions, layers and/or sections, these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings of the invention.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms,
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “includes” and/or “includ-
ing”, when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Exemplary embodiments are described herein with refer-
ence to cross section illustrations that are schematic illustra-
tions of'idealized embodiments. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments described herein should not be construed
as limited to the particular shapes of regions as illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illustrated
may be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the precise shape of a region and are not intended to
limit the scope of the claims set forth herein.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
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intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the accompanying
drawings.

FIG. 1 is a block diagram illustrating an exemplary
embodiment of a display device according to the invention.

Referring to FIG. 1, a display device 100 includes a display
panel 110, a drive circuit 120 and a backlight unit 130. The
display device 100 may further include shutter glasses 105.

The display panel 110 displays an image. In an exemplary
embodiment, the display panel 110 is a liquid crystal display
panel, but not being limited thereto. The display panel 110
may be different types of display panels that include the
backlight unit 130.

The display panel 110 includes a plurality of gate lines GL.1
to GLn extending in a second direction X2, a plurality of data
lines DL.1 to DLm extending in a first direction X1 and a
plurality of pixels PX arranged substantially in a matrix form
and connected to the gate lines GL.1 to GLn and data lines
DL1 to DLm, which cross each other. The gate lines GL1 to
GLn and the data lines DL1 to DLm are insulated from each
other. Each of the pixels PX includes a thin film transistor TR,
a liquid crystal capacitor CLC and a storage capacitor CST.

The pixels PX may have the same structure as each other. A
thin film transistor TR of each of the pixels PX includes a gate
electrode connected to a corresponding gate line, e.g., a first
gate line GL1, of the gate lines GL1 to GLn, a source elec-
trode connected to a corresponding data line, e.g., a first data
line DL1, of the data lines DLL1 to DLm and a drain electrode
connected to the liquid crystal capacitor CLC and the storage
capacitor CST. One end of the liquid crystal capacitor CL.C
and one end of the storage capacitor CST are connected to the
drain electrode of the thin film transistor TR. The other end of
liquid crystal capacitor CLC and the other end of the storage
capacitor CST are connected to a common voltage.

The drive circuit 120 includes a timing controller 122, a
gate driver 124 and a data driver 126. The timing controller
122 receives an image signal RGB and a control signal CTRL
from outside. The control signal CTRL includes a vertical
synchronizing signal, a horizontal synchronizing signal, a
main clock signal and a data enable signal. The timing con-
troller 122 processes the image signal RGB based on an
operation condition of the display panel 110 and the control
signal CTRL, and generates a data signal DATA, a first con-
trol signal CTRL1 and a second control signal CTRL2. The
timing controller 122 provides the data signal DATA and the
first control signal CTRL1 to the data driver 126 and provides
the second control signal CTRL2 to the gate driver 124. The
first control signal CTRL1 may include a horizontal synchro-
nizing starting signal, a clock signal and a line latch signal.
The second control signal CTRL2 may include a vertical
synchronizing starting signal, an output enable signal and a
gate pulse signal. The timing controller 122 may generate the
data signal DATA based on an arrangement of the pixels PX
of'the display panel 110 and a display frequency. In an exem-
plary embodiment, where the display device displays a three-
dimensional (“3D”) image, the timing controller 122 sequen-
tially outputs a left-eye image signal and a right-eye image
signal as the data signal DATA during a 3D image display
mode.

The timing controller 122 provides a backlight control
signal BLC and a mode signal 3D_MODE for controlling the
backlight unit 130 and outputs a left eye shutter control signal
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STLC and a right eye shutter control signal STRC for con-
trolling a left eye shutter STL and a right eye shutter STR of
the shutter glasses 105, respectively.

The gate driver 124 drives the gate lines GL1 to GLn in
response to the second control signal CTRL2 provided from
the timing controller 122. The gate driver 124 may include a
gate drive integrate circuit. The gate driver 124 may be real-
ized by a circuit using an oxide semiconductor, an amorphous
semiconductor, a crystalline semiconductor or a polycrystal-
line semiconductor, for example.

The data driver 126 drives the data lines DL.1 to DLm in
response to the data signal DATA and the first control signal
CTRL1 provided from the timing controller 122.

The backlight unit 130 is disposed at a lower side of the
display panel 110 and opposite to, e.g., facing, the pixels PX.
The backlight unit 130 operates in response to the backlight
control signal BL.C and the mode signal 3D_MODE provided
from the timing controller 122.

The shutter glasses 105 open and close the left eye shutter
STL in response to the left eye shutter control signal STL.C
and open and close the right eye shutter STR inresponse to the
right eye shutter control signal STRC. The timing controller
122 may include a wireless transmission part which transmits
the left eye shutter control signal STL.C and the right eye
shutter control signal STRC by wireless transmission. The
shutter glasses 105 may include a wireless reception portion
that receives the left eye shutter control signal STLC and the
right eye shutter control signal STRC. While a left-eye image
is displayed on the display panel 110, the left eye shutter STL
of'the shutter glasses 105 is open and the right eye shutter STR
of'the shutter glasses 105 is closed. While a right-eye image is
displayed on the display panel 110, the left eye shutter STL of
the shutter glasses 105 is closed and the right eye shutter STR
of the shutter glasses 105 is open. Therefore, a user wearing
the shutter glasses 105 perceives a 3D image.

FIG. 2 is a signal timing diagram illustrating a relation
between an image displayed on the display device illustrated
in FIG. 1, and a backlight control signal, a left eye shutter
control signal and a right eye shutter control signal.

Referring to FIG. 2, as the gate lines GL1 to GLn illustrated
in FIG. 1 is sequentially driven during a left eye frame, a
left-eye image signal L is displayed on the display panel 110.
As the gate lines GL.1 to GLn illustrated in FIG. 1 is sequen-
tially driven during a right eye frame, a right-eye image signal
R is displayed on the display panel 110.

The timing controller 122 illustrated in FIG. 1 outputs the
left eye shutter control signal STL.C and the right eye shutter
control signal STRC such that the left eye shutter STL of the
shutter glasses 105 is open and the right eye shutter STR of the
shutter glasses 105 is closed while the left-eye image L is
displayed on the display panel 110. Similarly, the timing
controller 122 outputs the left eye shutter control signal STL.C
and the right eye shutter control signal STRC such that the left
eye shutter STL of the shutter glasses 105 is closed and the
right eye shutter STR of the shutter glasses 105 is open while
the right-eye image R is displayed on the display panel 110.

The backlight control signal BLC output from the timing
controller 122 is set to be in a high level during a section
shorter than a high level section of each of the left eye shutter
control signal STLC and the right eye shutter control signal
STRC. After a predetermined time passed after each of the
left eye shutter control signal STL.C and the right eye shutter
control signal STRC transit from a low level to a high level,
the backlight control signal BL.C transits to a high level based
on a slow response speed of the liquid crystal capacitor CLC.

In an exemplary embodiment, the backlight unit 130 is
periodically turned on and turned off by the backlight control
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signal BL.C to minimize a cross talk phenomenon that may
occur when a right-eye image displayed in a right eye section
remains in a left-eye image displayed in a left eye section as
an afterimage. In an exemplary embodiment, when the back-
light unit 130 is turned on and turned off in every output
frame, brightness of an image displayed on the display panel
110 may be deteriorated as compared with when the backlight
unit 130 is successively turned on in a normal mode.

FIG. 3 is a drawing illustrating a change of current in a
backlight unit according to an operation mode of the display
device illustrated in FIG. 1.

FIG. 3 shows graphs of current level (IL) versus time (t).
Referring to FIG. 3, when a current of first level 11 is gener-
ated in the backlight unit 130 during a normal mode, the
current generated in the backlight unit 130 increases to a
second level 12 as the backlight unit 130 is periodically turned
on and turned off during a 3D image display mode.

FIG. 4 is a drawing illustrating a change of light emitting
diode (“LED”) drive voltage of a backlight unit according to
an operation mode of the display device illustrated in FIG. 1.

Referring to FIGS. 3 and 4, as the current in the backlight
unit 130 during the 3D image display mode increases to the
second level 12, a voltage level V2 of a LED drive voltage
VLED provided to a light source (not shown) of the backlight
unit 130 during the 3D image display mode rises above a
voltage level V1 in normal mode. In an exemplary embodi-
ment, a voltage level of the LED drive voltage VLED
increases during the 3D image display mode such that dete-
rioration of brightness due to periodical blinking of the light
source in the backlight unit during the 3D image display mode
is effectively prevented.

FIG. 5 is a block diagram illustrating an exemplary
embodiment of a backlight unit illustrated in FIG. 1.

Referring to FIGS. 1 and 5, the backlight unit 130 includes
apower supply converter 132, a power supply controller 134,
a light source 136 and a resistor R0. The power supply con-
verter 132 receives an input power supply voltage VIN from
outside and generates the LED drive voltage VLED in
response to the mode signal 3D_MODE provided from the
timing controller 122. The power supply converter 132 gen-
erates the LED drive voltage VLED of normal level when the
mode signal 3D_MODE represents a normal mode to provide
the LED drive voltage VLED of normal level to the light
source 136. The power supply converter 132 generates the
LED drive voltage VLED of high level, e.g., a boosted LED
driving voltage, when the mode signal 3D_MODE represents
a 3D image display mode to provide the LED drive voltage
VLED of high level to the light source 136. In such an
embodiment, a voltage level of the LED drive voltage VLED
provided to the light source 136 is determined based on the
mode signal 3D_MODE.

The power supply controller 134 generates a switching
control signal DRV in response to the backlight control signal
BLC provided from the timing controller 122 and a feedback
signal FB.

The light source 136 includes an LED string including a
plurality of LEDs serially connected to each other. In one
exemplary embodiment, for example, the light source 136
includes a single LED string. In an alternative exemplary
embodiment, the light source 136 may include a plurality of
LED strings. Each of the LEDs in a LED string may be a red
LED, a blue LED, a green LED, a white LED, a cyan LED, a
magenta LED, a yellow LED, or combinations thereof. One
end, e.g., a first end, of the light source 136 is connected to the
drive voltage VLED of the power supply converter 132 and
the other end, e.g., a second end, is connected to the resistor
RO. One end, e.g., a first end, of the resistor R0 is connected
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to the other end of the light source 136, and the otherend, e.g.,
a second end, of the resistor R0 is connected to a ground
voltage. The feedback signal FB from the other end of the
light source 136 is input to the power supply controller 134.

The power supply controller 134 outputs the switching
control signal DRV for controlling a voltage level of the LED
drive voltage VLED based on the feedback signal FB. In one
exemplary embodiment, for example, when a current level of
the feedback signal FB becomes low, the power supply con-
troller 134 outputs the switching control signal DRV so that a
voltage level of the LED drive voltage increases, and when a
current level of the feedback signal FB becomes high, the
power supply controller 134 outputs the switching control
signal DRV so that a voltage level of the LED drive voltage
decreases.

The power supply controller 134 outputs the switching
control signal DRV for controlling a LED drive voltage gen-
erating operation of the power supply converter 132 in
response to the backlight control signal BL.C. In one exem-
plary embodiment, for example, when the backlight control
signal BLC is in a high level, the power supply controller 134
outputs the switching control signal DRV so that the LED
drive voltage VLED is generated, and when the backlight
control signal BLC is in a low level, the power supply con-
troller 134 outputs the switching control signal DRV so that
the LED drive voltage VLED is not generated. In an exem-
plary embodiment, a generation of the LED drive voltage
VLED may be controlled by the switching control signal
DRYV. In such an embodiment, a voltage level of the LED drive
voltage VLED may be controlled by the switching control
signal DRV.

FIG. 6 is a circuit diagram illustrating an exemplary
embodiment of a power supply converter illustrated in FIG. 5.

Referring to FIG. 6, the power supply converter 132
includes a coupled inductor 210, a bypass control circuit 220,
capacitors, e.g., a first capacitor C1 and a second capacitor
C2, a transistor T1 and a diode D1.

The coupled inductor 210 includes a primary winding LP
and secondary windings, e.g., a first secondary winding [.S1
and a second secondary winding [.S2. The second secondary
winding [.S2 operates as a boosting winding that selectively
boosts a LED drive voltage VLED. Hereinafter, the second
secondary winding [.S2 will be referred to as a boosting
winding. One end, e.g., a first end, of the primary winding [.P
is connected to an input power supply voltage VIN, and the
other end, e.g., a second end, of the primary winding L.P is
connected to one end, e.g., a first end, of the first secondary
winding [L.S1. One end, a first end, of the first secondary
winding [.S1 is connected to the other end of the primary
winding [P, and the other end, e.g., a second end, of the first
secondary winding [.S1 is connected to one end, a firstend, of
the boosting winding [.S2. One end of; the first end, the
boosting winding [.S2 is connected to the other end, e.g., the
second end, of the secondary winding [.S1, and the other end,
a second end, of the boosting winding [.S2 is connected to a
second node N2. The diode D1 is connected between the
second node N2 and an output node NOUT.

The first capacitor C1 is connected between one end, e.g.,
the first end, of the primary winding LP, to which the input
power supply voltage VIN is supplied, and a ground voltage,
and the second capacitor C2 is connected between the output
node NOUT and the ground voltage. A current path of the first
transistor T1 is formed between the ground voltage and a
connection node of the primary winding [P and the second-
ary winding [.S1. The transistor of the power supply converter
132, e.g., a first transistor T1, includes a gate terminal con-
nected to a switching control signal DRV.
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The bypass control circuit 220 includes a bypass unit that
bypasses the first and second ends of the boosting winding
L.S2 in response to a bypass signal. In an exemplary embodi-
ment, the bypass unit may include a transistor, e.g., a third
transistor T3, and a current path of the third transistor T3, is
formed between both ends, e.g., the first and second ends, of
the boosting winding [.S2. The third transistor T3 includes a
gate terminal connected to the bypass signal generated in the
bypass control circuit 220.

The bypass control circuit 220 includes resistors, e.g., a
first resistor R1 and a second resistor R2, transistors, e.g.,
second and third transistors T2 and T3, and an inverter IV1.
One end, e.g., a first end, of the first resistor R1 is connected
to one end, e.g., the first end, of the boosting winding [.S2 and
the other end, e.g., a second end, of the first resistor R1 is
connected to a first node N1. One end, e.g., a first end, of the
second resistor R2 is connected to the first node N1. The
second transistor T2 includes a current path formed between
the other end, e.g., a second end, of the second resistor R2 and
the ground voltage, and a gate connected to an output terminal
of'the inverter IV1. The inverter IV1 includes an input termi-
nal that receives the mode signal 3D_MODE output from the
timing controller 122 illustrated in FIG. 1 and the output
terminal. A signal of the first node N1 is the bypass signal, and
the first node N1 is connected to a gate of the third transistor
T3. In an exemplary embodiment, the first and second tran-
sistors T1 and T2 are N-type metal-oxide-semiconductor
(“NMOS”) transistors, and the third transistor T3 is a P-type
metal-oxide-semiconductor (“PMOS”) transistor.

Hereinafter, an operation of the power supply converter
132 will be described in detail.

In an exemplary embodiment, when the mode signal
3D_MODE has a low level corresponding to a normal mode,
the output terminal ofthe inverter [IV1 outputs a signal of high
level. Thus, the second transistor T2 is turned on, and the
bypass signal at the first node N1 is thereby lowered to the
ground voltage level. When the third transistor T3 is turned on
in response to the bypass signal in the ground voltage level, a
bypass path is formed between the secondary winding [.S1
and the second node N2 through the third transistor T3. As a
result, the LED drive voltage VLED generated by the primary
winding LP and the first secondary winding [.S1 is output
through the output node NOUT.

In such an embodiment, when the mode signal 3D_MODE
has a high level corresponding to a 3D image display mode,
the output terminal of the inverter IV1 outputs a signal of low
level. Thus, the second transistor T2 is turned off. As a voltage
level of the bypass signal at the first node N1 increases
through the resistor R1, the third transistor T3 is turned off.
When the third transistor T3 is turned off, the secondary
winding LS 1 is serially connected to the boosting winding
L.S2, and the LED drive voltage VLED boosted through the
first secondary winding [.S1 and the boosting winding [.S2 is
output through the output node NOUT.

Equation 1 shows a winding ratio of the number N, , of
windings in the primary winding LP to the number N, of
windings in the secondary winding [.S1 in the normal mode.

LVYDD _ Nisi
VIN ~ Npp

[Equation 1]

Equation 2 shows that in the 3D image display mode, the
LED drive voltage VLED is increased by the number of
windings in the boosting winding [.S2 as the secondary wind-
ing [.S1 is serially connected to the boosting winding [.S2.
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LVDD _ Nis1 + Nisa
VIN = Np

[Equation 2]

Therefore, by setting the number N, ¢, of windings in the
boosting winding L.S2 corresponding to a voltage difference
between the LED drive voltage VLED in the normal mode
and the LED drive voltage VLED in the 3D image display
mode, the power supply converter 132 outputs the LED drive
voltage VLED boosted in the 3D image display mode.

When a current level of the feedback signal FB is lower
than a reference level, the power supply controller 134
increases a duty ratio of the switching control signal DRV.
When a current level of the feedback signal FB is higher than
a reference level, the power supply controller 134 lowers a
duty ratio of the switching control signal DRV. In such an
embodiment, turn-on/turn-off time of the first transistor T1 is
controlled based on a duty ratio of the switching control
signal DRV during the normal mode and the 3D image dis-
play mode, and a voltage level of the LED drive voltage
VLED is thereby controlled.

In an exemplary embodiment, as described in FIG. 5, while
the backlight signal BL.C provided from the timing controller
122 has a low level, the power supply controller 134 outputs
the switching control signal DRV of low level. In such an
embodiment, the first transistor T1 is turned off while the
switching control signal DRV has a low level such that the
power supply converter 132 does not generate the LED drive
voltage VLED. When the backlight signal BLC provided
from the timing controller 122 has a high level, the power
supply controller 134 controls a duty ratio of the switching
control signal DRV based on a current level of the feedback
signal FB. The power supply converter 132 may generate the
LED drive voltage VLED of voltage level corresponding to
the switching control signal DRV and the mode signal
3D_MODE.

FIG. 7 is a drawing illustrating a change of voltage level of
LED drive voltage according to a mode signal.

Referring to FIGS. 6 and 7, in an exemplary embodiment,
when the mode signal 3D_MODE transits from a low level
corresponding to the normal mode to a high level correspond-
ing to the 3D image display mode, the power supply converter
132 serially connects the boosting winding L.S2 and the first
secondary winding [.S1 to increase a voltage level of the LED
drive voltage VLED from a first voltage level V1 to a second
voltage level V2. Therefore, the display device 100 illustrated
in FIG. 1 displays an image without deterioration of bright-
ness during the 3D image display mode.

In an exemplary embodiment, the backlight unit of the
display device may generate the LED drive voltage for each
of'the normal mode and the 3D image display mode such that
deterioration of brightness and image quality are effectively
prevented, even when the backlight unitis periodically turned
on and turned off in the 3D image display mode. In an exem-
plary embodiment, an on/off duty change of the switching
transistor may be minimized when a display mode of the
display device is changed from the normal mode to the 3D
image display mode, and a level changing speed of the LED
drive voltage may become high.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of'the invention. Thus, to the maximum extent allowed by law,
the scope of the invention is to be determined by the broadest
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permissible interpretation of the following claims and their
equivalents, and shall not be restricted or limited by the fore-
going detailed description.

What is claimed is:

1. A backlight unit comprising:

a power supply converter comprising:

a primary winding connected to an input power supply
voltage; and

a secondary winding which is connected to an output node
and outputs a light emitting diode drive voltage to the
output node inresponse to a mode signal and a switching
control signal; and

alight emitting diode string connected to the output node of
the power supply converter,

wherein the power supply converter serially connects a
boosting winding to the secondary winding and the out-
put node and when the mode signal represents a three
dimensional image display mode, outputs a boosted
light emitting diode drive voltage to the output node
through the boosting winding, and

wherein the boosting winding is bypassed when the mode
signal represents a normal mode.

2. The backlight unit of claim 1, wherein the power supply

converter further comprises:

a bypass control circuit configured to generate a bypass
signal in response to the mode signal,

wherein the bypass control circuit comprises a bypass unit
configured to bypass a first end and a second end of the
boosting winding in response to the bypass signal, and

wherein the first and second ends of the boosting winding
are bypassed through the bypass unit based on the
bypass signal when the mode signal represents the nor-
mal mode.

3. The backlight unit of claim 2, wherein the bypass unit
comprises a transistor including a current path connected
between the first and second ends of the boosting winding and
a gate terminal connected to the bypass signal.

4. The backlight unit of claim 2, wherein the bypass control
circuit comprises:

a first resistor connected between the first end of the boost-

ing winding and a first node;

a second resistor having a first end connected to the first
node and a second end; and

a transistor including a current path, which is connected
between the second end of the second resistor and a
ground voltage, and a gate connected to the mode signal,

wherein a signal at the first node is the bypass signal.

5. The backlight unit of claim 1, wherein the power supply

converter further comprises:

a transistor including a current path connected between a
ground voltage and a connection node of the primary
winding and the secondary winding, and a gate which
receives the switching control signal.

6. The backlight unit of claim 5, further comprising:

a power supply controller which is connected to an end of
the light emitting diode string and outputs the switching
control signal based on a current at the end of the light
emitting diode string.

7. The backlight unit of claim 6, wherein

the power supply controller outputs the switching control
signal in response to a backlight control signal, and

the power supply converter is periodically turned on and
turned off based on the switching control signal from the
power supply controller.

8. The backlight unit of claim 1, wherein the primary

winding, the secondary winding and the boosting winding are
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sequentially connected in series between the input power
supply voltage and the output node.

9. The backlight unit of claim 1, wherein the light emitting
diode voltage less than the boosted light emitting diode drive
voltage is output to the output node in the normal mode.

10. A display device comprising:

a display panel comprising a plurality of pixels;

a drive circuit which controls the display panel to display

an image on the display panel; and

a backlight unit which supplies light to the display panel,

wherein the backlight unit comprises:

a power supply converter which outputs a light emitting
diode drive voltage to an output node in response to a
mode signal and a switching control signal, wherein the
power supply converter comprises:

a primary winding connected to an input power supply
voltage; and

a second winding connected to the primary winding and
the output node;

alight emitting diode string connected to the output node of
the power supply converter,

wherein the power supply converter serially connects a
boosting winding to the secondary winding when the
mode signal represents a three-dimensional image dis-
play mode, and outputs a boosted light emitting diode
drive voltage to the output node through the boosting
winding, and

wherein the boosting winding is bypass signal when the
mode signal represents a normal mode.

11. The display device of claim 10, wherein the drive
circuit generates the mode signal corresponding to an opera-
tion mode of the display panel.

12. The display device of claim 11, the power supply con-
verter further comprises:

a bypass control circuit configured to generate a bypass

signal in response to the mode signal,

wherein the bypass control circuit comprises a bypass unit
configured to bypass a first end and a second end of the
boosting winding in response to the bypass signal.

13. The display device of claim 12, wherein the bypass unit
comprises a transistor including a current path connected
between the first and second ends of the boosting winding and
a gate terminal connected to the bypass signal.

14. The display device of claim 13, wherein the bypass
control circuit comprises:

a first resistor connected between the first end of the boost-

ing winding and a first node;

a second resistor having a first end connected to the first
node and a second end; and
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atransistor including a current path connected between the
second end of the second resistor and a ground voltage
and a gate connected to the mode signal,

wherein a signal at the first node is the bypass signal.

15. The display device of claim 12, wherein the power
supply converter further comprises:

a transistor including a current path formed between a
ground voltage and a connection node of the primary
winding and the secondary winding, and a gate con-
trolled by the switching control signal.

16. The display device of claim 15, wherein the backlight

unit further comprises:

a power supply controller which is connected to an end of
the light emitting diode string and outputs the switching
control signal based on a current at the end of the light
emitting diode string.

17. The display device of claim 16, wherein

the power supply controller outputs the switching control
signal in response to a backlight control signal, and

the power supply converter is periodically turned on and
turned off based on the switching control signal from the
power supply controller.

18. The display device of claim 17, wherein

the display panel further comprises:

a plurality of gate lines extending in a first direction; and

a plurality of data lines extending in a second direction and
crossing the data lines, wherein each of the pixels is
connected to a corresponding gate line of the gate lines
and a corresponding data of the data lines,

wherein the drive circuit comprises:

a data driver which drives the data lines;

a gate driver which drives the gate lines; and

a timing controller which in response to an image signal
and a control signal received from outside, provides an
image data signal and a first control signal to the data
driver, provides a second control signal to the gate driver
and generates the mode signal and the backlight control
signal.

19. The display device of claim 12, wherein the bypass
control circuit generates the bypass signal such that the first
and second ends of the boosting winding are bypassed
through the bypass unit when the mode signal represents a
normal mode.

20. The display device of claim 19, wherein the boosted
light emitting diode drive voltage output to the output node of
the power supply converter during the three-dimensional
image display mode is higher than the light emitting diode
drive voltage output to the output node of the power supply
converter during the normal mode.
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